Iodocompounds bound with various particulate components in hog thyroid cells were analyzed quantitatively with their chemical and immunological properties based on the iodine analysis of the particulate components and their detergent extracts. Almost all the particle-bound iodine was found to be protein-bound and distributed among various sized particulate components. Sodium deoxycholate (0.26% to 1%) solubilized about 80% of the iodoprotein from either microsomal or lysosomal fraction and about 60% of that from either mitochondrial or nuclear fraction. Addition of 0.5 % sodium dodecyl sulfate into 1% sodium deoxycholate caused the solubilization of particle-bound iodoprotein(s) remaining after the sodium deoxycholate treatment. Sixty percent of the microsomal or of the lysosomal iodoproteins solubilized with sodium deoxycholate was precipitated with anti-hog thyroglobulin serum in a "double" immunoprecipitation system, while 40% of the mitochondrial or the nuclear iodoproteins was precipitated. From these analyses, it was concluded that at least 80% of thyroglobulin-related iodoproteins in the particulate fractions was associated with rather small particulate components in the cell homogenate. Analysis by sucrose density gradient centrifugation showed that 50% of the protein-bound iodine solubilized from the microsomal pellet was recovered in 19 S region, suggesting the presence of an appreciable amount of particle-bound thyroglobulin with similar sedimentation property to "soluble" thyroglobulin.
As is generally known, the later stages of thyroglobulin synthesis are the incorporation of polysaccharide chain and the iodination. It has been suggested that the former process occurs on some intracellular membranes including Golgi apparatus (Spiro and Spiro, 1966 , 1968a , 1968b Cheftel & Bouchilloux, 1968; Herscovics, 1969; Whur et al., 1969; Monaco & Robbins, 1973a , 1973b . However, it is still disputable where the protein is iodinated. In addition to earlier histological investigations (Woilman and Wodinsky, 1955; Stein and Gross, 1964; Ibrahim and Budd, 1965) , Benabdeljlil et al.,(1967) claimed that apical membrane was active in incorporating iodine into thyroglobulin and Kerkof and Tata (1964) reported that the incorporation of labeled iodine occurred mainly in smoothsurfaced endoplasmic reticulum before the appearance of labeled thyroglobulin in the supernatant fraction. On the one hand, it has been shown that the iodinating activity of thyroid was concentrated only in particulate components especially in the microsomal fraction Ui, 1961, 1966) , and that the thyroid peroxidase (Hosoya and Morrison, 1967) which may play an essential role in the iodination was localized in rough-surfaced *The data presented are taken from a dissertation submitted (Y. Kamiya) to Hokkaido University in partial fulfillment of the requirements for the degree of Doctor of Science. endoplasmic reticulum based on biochemical (Hosoya et al., 1971 (Hosoya et al., , 1973 and on histological studies (Croet & Pitt-Rivers, 1970) .
In any case, all of the informations suggested that the newly synthesized and partially iodinated thyroglobulin molecules should stay on the particulate or membraneous structure(s) for being iodinated, even after the completion of peptide synthesis. In fact, several investigators obtained 131I-thyroglobulin extracted from particulate fractions (Nunez et al., 1965a (Nunez et al., , 1965b (Nunez et al., , 1965c Sellin and Goldberg, 1965; Seed and Goldberg, 1965; Morais and Goldberg, 1967) , especially, in the case of a certain thyroid tumor (Robbins et al., 1959a (Robbins et al., , 1959b Salabe and Robbins, 1970; Monaco and Robbins, 1972) and isolated cells (Ui and Horiguchi, 1967) of normal thyroid prepared by EDTA perfusion of the gland. Some immunological investigations also afforded a proof of the presence of thyroglobulinrelated proteins associated with the particulate components (Robbins et al., 1959b; Spiro and Spiro, 1966; Cheng et al., 1968) . Most of these studies, however, did not completely refuse the possibility of contamination of soluble thyroglobulin and did not refer to quantitative aspects of the particle-bound iodoprotein.
In the present study, the particle-bound iodoprotein was analyzed based on the determination of stable iodine, and some properties of the solubilized preparation were investigated with regard to the relationship to the Materials and Methods
Preparation of subcellular particulate fractions
The subcellular particulate fractions were prepared by Hosoya et al's method (1971) with some modifications. Hog thyroid glands were homogenized with 2 volumes of the medium consisting of 0.35M sucrose, 25mM KCl and 5mM MgCl2 in 50mM Tris-HCl buffer (pH 7.6) (Kerkof and Tata, 1969) in a mechanical homogenizer Ultraturrux, type TP 18/2 (Janke and Kunkel KG, Staufen, Germany). Three 10sec operations at 2/3 maximum speed were performed at 1min The amounts of iodine in protein preparations were determined by the method based on the catalytic stimulation by iodine of the reduction of ceric sulfate by arsenious acid, using a Technicon Auto Analyzer. When insoluble iodoproteins were subjected to the analysis, samples were digested with 0.1M NaOH and applied to the analyser.
Iodoamino acid analysis of proteins was performed after Sorimachi and Ui (1974) who modified Block and Mandl's procedure (1962) . After enzymatic hydrolysis using pronase and aminopeptidase M, the hydrolyzate was applied to an automatic analysis system, using a Technicon Auto Analyzer. Pronase E and amino peptidase M were purchased from Kaken Kagaku K.K. and from Rohm and Hass Co., respectively. amount of cold 20mM Tris-HCl bufier (pH 7.4).
Sucrose density gradient centrifugation
One and half ml of the solubilized protein was layered on the top of the sucrose solution with 5 to 20% linear density gradient in 0.1M sodium phosphate bufier (pH 7.4) and centrifuged at 59,000 •~g for 24 hrs using a Spinco model L-2. The centrifuged solution was fractionated by ISCO density gradient fractionator which recorded the absorbancy at 280nm automatically.
SDS-Polyacry
l amide gel electrophoresis SDS-disc electrophoresis was performed according to Webster and Osborn (1969) . Solubilized samples were treated with 1% SDS and kept over-night in a cold room before being applied on 5% polyacrylamide gel containing 0.1% SDS. Electrophoresis was carried out at 5mA per column (7cm) for 1.5 hrs at room temperature in 0.1M phosphate bufier (pH 7.4) containing 0.1% SDS. After the electrophoresis, the gel columns were stained with amido black 10 B. Thyroid homogenate contains a very large amount of soluble iodoprotein or thyroglobulin derived from the colloid portion of the tissue. It is, therefore, necessary to confirm the elimination of the "soluble" thyroglobulin from the particulate fraction before taking particle-bound iodine into account. Contamination of the "soluble" thyroglobulin in the particulate fraction was estimated by using 131I-thyroglobulin as a tracer of the soluble iodoprotein. As shown in Table 1 
Chemical nature of particl e-bound iodocompound (s)
In order to determine the chemical identity of particle-bound iodocompound(s), the particulate preparation was extracted with 10 trichloroacetic acid or a mixture of chloroform and methanol (2:1). As shown in Table 2 , the iodocompound(s) was not dissolved with trichloroacetic acid, and not extracted by the lipid solvent, suggesting that most of iodine atoms existed as iodoprotein(s) and at most a few percent of them as iodinated lipid(s). Further confirmation of the existence of particle-bound iodoprotein(s) was done by a) Including iodine derived from "soluble" thyroglobulin and other iodoproteins. b) a) minus iodine derived from iodoproteins other than "soluble" thyroglobulin. iodoamino acid analysis of the hydrolysate of the particulate fraction. The typical results shown in Table 3 were obtained from the experiment with the microsomal fraction. Although 30% of the total iodocompound(s) in the fraction was not hydrolyzed under the condition, the results strongly suggest that most of the iodine existed as iodoprotein(s) in which tyrosine residues were iodinated. The particle-bound iodoprotein was solubilized by the treatment with detergents for 2 hrs at room temperature. Table 6 summarizes the amounts of trichloroacetic acid insoluble iodine and of protein recovered in the supernatant after the detergent treatment. It has been reported that 0.26% DOC was appropriate for puncture of lysosomal vesicles (Ernster et al., 1962) . This concentration of DOC seemed to cause the maximum solubilization of iodoprotein by the detergent, since the elevation of the DOC concentration did not increase the amount of solubilized iodoprotein. Mitochondrial and nuclear fractions were found to have a higher proportion of DOC-resistant iodoprotein than that in the cases of microsomal and lysosomal fractions. Supplementation of 0.5% SDS increased the amount of solubilized iodoproteins in all the particulate fractions, though a considerable part of the iodoprotein in the nuclear fraction remained insoluble even after this treatment.
Immunochemical identification of solubilized proteins
In order to investigate the relationship between the solubilized proteins and "soluble" thyroglobulin, the solubilized protein was subjected to Ouchterlony gel diffusion, using anti-hog thyroglobulin. As shown in Figure 1 , all the solubilized preparations obtained from the particulate fractions gave precipitating lines. As shown in A and B in Figure I , the preparations solubilized with 0.26% DOC showed single lines fused to each other and with the precipitating line made by "soluble" thyroglobulin. This was consistent with the results reported by Spiro et al., (Spiro & Spiro, Fig.1 . Ouchterlony immunodiffusion analysis of particle-bound proteins solubilized with detergents, using rabbit anti-hog thyroglobulin antiserum. Antiserum was placed in a center well and samples were placed in the wells indicated with letters; TG: hog thyroglobulin, 1mg/ml. MIC, LYS, MIT and NUC: proteins solubilized by 0.26% DOC (Fig. A, B) or by 1% DOC containing 0.5% SDS (Fig. C,   D ) from microsomal, lysosomal, mitochondrial and nuclear fractions, respectively.
1966; Cheng et al., 1968) and indicated that thyroglobulin-related protein was distributed in various particulate fractions. When SDS was added in the solubilizing agent, two precipitating lines appeared, as shown in Figure 1 , C and D. Although the lines were not completely fused with those of "soluble" thyroglobulin, the former did not cross the latter, indicating some relationship between them. This characteristic of the precipitating lines may be due to the degradation of the particle-bound thyroglobulin to its subunits caused by the retarding SDS after dialysis, or due to irreversible degeneration with the detergent during the solubilization (Edelhoch and Lippoldt, 1960; Salabe et al., 1969) In order to obtain further information on the proteins solubilized with SDS, the samples were subjected to electrophoresis in polyacrylamide gel containing SDS. As shown in Figure 2 , many amido black 10 B positive bands appeared over a wide area from the top near to the bottom of the column. In order to examine immunochemical reactivities of the separated proteins, an unstained column was cut longitudinally into two halves. One of them was embedded in an agar plate, and reacted with anti-hog thyroglobulin placed in the troughs prepared in parallel with the gel column. The photograph showed the precipi- The amount of thyroglobulin-related iodoprotein was assayed by immunological precipitation in "double system." As shown in Table  7 , when 0.26% DOC was used as a solubilizing agent, more than 60% of protein-bound iodine obtained from the microsomal or the lysosomal fraction was precipitated with antihog thyroglobulin in the presence of sheep anti-rabbit y globulin serum, while at most 40% of that from the mitochondrial or the nuclear fraction was precipitated. When 1 DOC containing 0.5% SDS was used the proportion of the protein-bound iodine precipitated with anti-hog thyroglobulin (indicated by numbers in parentheses) was lower than that when SDS was omitted. According to Salabe et al. (1969) , the higher concentration of detergent inhibits immunological precipitation. Therefore, it is necessary to pay attention to the concentration of detergent in the reaction mixture when quantitative immunoprecipitation is performed. However , as the lower concentration of DOC than 0 .1 was reported to have no effect on the reaction of thyroglobulin with anti-hog thyroglobulin , the results obtained from the preparations solubilized with 0.26% DOC should be reliable when the detergent is removed by exhaustive dialysis. On the other hand , the inhibitory effect of SDS was reported to be stronger than that of DOC and dialysis is not so effective in eliminating the detergent . Therefore, the results of immunoreaction might be underestimated in the presence of SDS. The lower percentages of immunoreac- Fig.2 .
Immunodiffusion of the solubilized microsomal-proteins electrophorezed in SDS-polyacrylamide gel. SDS-polyacrylamide gel electrophoresis was done as indicated in Materials and Methods.
After the electrophoresis, a gel column was cut longituidinally into two halves. One of them was embedded in an agar plate and reacted with anti-hog thyroglobulin placed in troughs prepared on both sides. The photograph shows the immunodiffusion pattern. The schematic drawing indicates a column stained with amido black 10 B. Proteins migrated from the left (cathod) to the right. B.S.A.; Bovine serum albumin monomer. HM. Hg.: Human hemoglobin monomer. * Amount of the protein-bound iodine precipitating with anti-hog thyroglobulin. ** Percentage of the particle-bound iodine reactive with anti-hog thyroglobulin when the total particlebound iodine is taken as 100%.
tive iodoprotein (in the right column of Table  7 ) could be due to this inhibitory effect of SDS. In spite of such inhibition, SDS-soluble iodoprotein fraction obtained from the residue of solubilization with 0.26% DOC was also reactive with anti-hog thyroglobulin, as shown in the middle column of Table 7 . Therefore, it is obvious that not only the 0.26% DOCsoluble iodoprotein fraction but also the DOCinsoluble and SDS-soluble one contains also a considerable amount of thyroglobulinrelated iodoproteins. When the distribution of thyroglobulin-like iodoprotein solubilized with DOC was compared with the particulate fractions each other, based on the amount of protein-bound iodine, the sum of the iodoprotein obtained from the microsomal and from the lysosomal fraction reached almost 80% of the total as shown on the upper line in * Solubilized with 1% DOC containing 0.5% SDS. Table 9 . Comparison between immunoprecipitation in the "direct" and "double" systems.
* Particulate preparations
were obtained by the solubilization with 0.26% DOC.
** Number in parenthese expresses percentage of particle-bound iodine reacting with anti-hog thyroglobulin when the total particle-bound iodine shown in Table 7 is taken as 100%. Sucrose density gradient centrifugation pattern of the microsomal iodoproteins solubilized with 1% DOC. 7. Sucrose density gradient centrifugation of particle-bound iodoproteins Molecular sizes of the iodoproteins solubilized were examined by sucrose density gradient centrifugation. Figure 3 shows a centrifugation pattern of iodoproteins solubilized with DOC from the microsomal fraction. The quantity of proteins showed wide distribution while protein-bound iodine was concentrated in the 19 S region in which about 50% of the protein-bound iodine was recovered. When 19S protein was considered to be thyroglobulin or its related proteins, this value of 50% was not inconsistent with the result of quantitative immunoprecipitation. The preparations treated with the DOC solution containing SDS showed, however, a different pattern of iodoprotein(s) which is accumulated near the top indicating that the S value of the protein(s) was lowered by the treatment with SDS (Figure 4 ). This effect of SDS has been found also in the case of 19S with the immunological properties of the proteins solubilized with the detergent solution containing SDS (see section 6). The DOC-solubilized iodoprotein obtained from the mitochondrial fraction showed also a peak at 19S region of the centrifugal pattern, though the amount of iodine at the peak was less than that of the microsomal fraction.
Discussion
In the present study, it was shown that an Taurog et al. (1955) reported that 127I was mostly accumulated in a particulate fraction which corresponded to the mixture of microsomal, lysosomal and mitochondrial fractions in the present study. The results shown in the present paper were not inconsistent with Taurog's, and the protein-bound iodine was found to be localized in the Sucrose density gradient centrifugation pattern of the microsomal iodoproteins solubilized with 1% DOC containing 0.5% SDS. The result of immunoprecipitation indicated that more than 60% of solubilized iodoprotein from the microsomal fraction was identified as thyroglobulin-related protein by the the "direct" immunoprecipitation, while sucrose density gradient centrifugation showed that about 50% of iodoprotein was accumulated in the 19S region. These results suggested that the particle-bound iodoprotein precipitated in the "direct" immunoprecipitation system was 19S particle-bound thyroglobulin. The particulate fractions contained the solubilizable iodoprotein(s) which did not react with anti-hog thyroglobulin and the iodoprotein(s) which tightly bound with particulate components even after the SDS treatment. Related to this, the presence of soluble iodoprotein other than thyroglobulin in the thyroid was reported by Shulman et al. (1957) who denoted it thyroalbumin. But the sucrose density gradient centrifugation of the solubilized iodoprotein did not show any distinct peak at the albumin region. The nature of the unknown iodoprotein(s) remains to be elucidated.
